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SPECIFICATION 



1. Title 

Means for Coloring Thermoplastic Resins 

2, Claims 

1. A means for coloring thermoplastic resins that is 
characterized by the use of 1:2 metallized azo dyes represented by 
the general formula: 



(wherein B indicates the residual group of a coupling component 
that does not contain a sulfonic acid group; X is adjacent to the 
azo group and indicates -S-, -C02-, or H-; M indicates a 

divalent or trivalent metal; and A indicates a hydrogen atom, 04-18 
aliphatic amine, or alkylene oxide-added amine) . 

2. The means for coloring thermoplastic resins stated in Olairri 
1, wherein the counter ion A in General Formula I is a hydrogen 

ion , 

3. The means for coloring thermoplastic resins stated in Claim 
1 or 2, wherein the residual group (B) of the coupling component in 
General Formula I is selected from the following group: 




'Number in the margin indicates pagination in the foreign 



text . 



2 



(wherein indicates H, acetylamino, methoxycarbonylamino, or 
methoxysulfonylamino) , 



HO CONH 



Q 



(wherein indicates H or halogen) , 
HO, COOH 




[wherein (R^)i-2 indicates 1 or 2 
independently indicate halogen, 

110 

cu» 



substituents R^, and R^s 
methyl, methoxy, H, or hydroxy], 

• • ' - (sJ 



[wherein (R'')o-2 indicates 0 to 2 substituents R\ and R^s 
independently indicate halogen, sulfamoyl, or C^.h alkyl], 



'7 



[wherein (CI) 0-2 indicates 0 to 2 substituents Cl], 




(wherein indicates phenyl, halogen, or Ci^niuegibie] alkyl), and 




3. Detailed Description of the Invention 
[Industrial Field of Application] 

The present invention pertains to a means that uses 1:2 
metallized azo dyes for coloring thermoplastic resins, such as 
general-purpose plastics, engineering plastics, and resins for 
electric/electronic component use, films, monofilaments, etc. 
[Prior Art] 

For giving colors to thermoplastic resins, various types of 
pigments and dyes have been used according to the application and 
use . 

Pigments are roughly divided into inorganic pigments and 
organic pigments, and inorganic pigments are usually used for 
components required to have hiding power, light resistance, heat 
resistance, weather resistance, and the liJce. 

5 



Organic pigments are more widely used owing to the fact that 
they are more colorful and brilliant and have better tinting 
strength than inorganic pigments. 

When compared to dyes, however, organic pigments usually 
exhibit inferior solubility in resins, and they require dispersion 
processing prior to use. Moreover, they have inferior tinting 
strength and therefore must be used in large quantities. As a 
result, they become one of the factors that give the resin to be 
colored such adverse effects as a decrease in its mechanical 
strength and the like. 

With respect to oil-soluble dyes and disperse dyes of the a-zo, 
anthraquinone, phthalocyanine, azine, triallylmethane, etc. , types, 
because these dyes themselves dissolve in a thermoplastic resin 
into a molecular state or a state close to it, they have an 
advantage in that they exhibit excellent transparency and also in 
that they can yield colored molded products having high color 
intensity when used in smaller quantities than organic pigments. 
[Problems that the Invention Intends to Solve] 

However, the oil-soluble dyes that have been in use do not 
have sufficient heat resistance and light resistance. 

Many high-performance plastics used widely in recent years 
that are suitable for structural or machine-component applications, 
that is, thermoplastic resins called general-purpose engineering 
plastics, are formed at high molding temperatures — for example, 
temperatures exceeding 250° C. 

6 



Therefore, up to present, even when oil-soluble dyes were used 
to color thermoplastic resins, they were sublimated or faded during 
the molding process if the molding temperature was high; thus, they 
are next to useless in practical applications- Products that are 
molded at low temperatures are also susceptible to 
fading/discoloration by light. 

The present invention was achieved in view of the aforesaid 
problems of the existing means for coloring thermoplastic resins, 
and its first objective is to provide a thermoplastic-resin- 
coloring means that can endure relatively high molding UL 
temperatures used for general-purpose plastics, general-purpose 
engineering plastics, etc., thus exhibiting excellent heat 
resistance . 

A second objective of the present invention is to provide a 
thermoplastic-resin-coloring means that has strong tinting power 
and excellent transparency and color sharpness- 

A third objective of the present invention is to provide a 
thermoplastic-resin-coloring means that causes hardly any adverse 
effects, such as a mechanical-strength decrease, mo id- shrinkage 
change, f oaming-process hindrance, and so forth, in plastics. 

[Means of Solving the Problems] 

The present inventors researched extensively to attain the 
aforesaid objectives and, as a result, learned that, when a 
metallized dye of a specific monoazo coloring matter that had 4- 

7 



chloro-2-aminophenol as the diazo component was used to dye 
thermoplastic resins, discoloration did not readily occur even 
under a relatively high-temperature coloring/molding condition or 
by light, that the color was sharp even after molding, and that the 
tinting strength was high, thereby completing the present 
invention . 

That is, the present invention is a means for coloring 
thermoplastic resins that is characterized by the use of 1:2 
metallized azo dyes represented by the general formula: 



-A 



t [ ] 



(wherein B indicates the residual group of a coupling component 
that does not contain a sulfonic acid group; X is adjacent to the 
azo group and indicates -0-, -S-. -C02-, or -NH-; M indicates a 
divalent or trivalent metal; and A indicates a hydrogen atom, C4-18 
aliphatic amine, or alkylene oxide-added amine) , 

Although it is not clear the reason why the coloring means of 
the present invention can achieve excellent heat resistance and 
light resistance, it is believed to be the effect of the nucleus- 
substituting chloro atoms within the diazo component of the 
employed metallized dye. 
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In the method of the present invention, if what is called a 
cation-exchange dye, that is, a dye whose counter ion in General 
Formula I is an ammonium of a primary to tertiary amine, quaternary 
ammonium, or cationic surfactant, is used, dispersibility and 
solubility in resins increase, resulting in excellent tinting 
strength. 

In the method of the present invention, if a dye whose counter 
ion in General Formula I is a hydrogen ion is used, the 
resulting migration resistance and heat resistance are superior to 
those obtained when the aforesaid amine-salt-type metallized dyes 
are used. 

As described in the foregoing, the method of the present 
invention uses 1:2 metallized azo dyes of monoazo coloring matters 
as the coloring agents for thermoplastic resins. 

Generally speaking, in order for a monoazo coloring matter 
represented by the following formula II to form a metallized dye 
represented by the following general formula III 



C— N=sN— C 

-C C- 



C IT I 
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\o ay ) Q 

C-N=.N— C 

-C / C- 

X I K , 

\ • / © 

M • A 

/ • \ 

X ; X 

C-N=N-C 



[III] 



(wherein X represents -0-, -S-,-C02-, -NH-, and M represents a 
divalent or trivalent metal), the carbon atoms at the p, 
positions of the azo groups require an active-hydrogen-containing 
group, typical examples of which include a hydroxyl grotip, merGaptd 
group, carboxyl group, amino group, etc. 

Based on General Formula II, the monoazo coloring matter that 
forms the metallized dye used in the present invention is a 
coloring matter whose diazo component is 4-chloro-2-aminophenol 
that has a hydroxyl group at the (3 position and a chloro atom as 
the nucleus and whose coupling component is a compound that has an 
active-hydrogen-containing group selected from a hydroxyl 

group, mercapto group, carboxyl group, and amino group at the p 12. 
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position . 

Some suitable examples of the coupling-component compound 
include para-substituted phenols, a typical example of which is 
paraphenylphenol; nucleus-substituted p-naphthols, a typical 
example of which is p-naphthol; pyrazolone compounds, a typical 
example of which is l-phenyl-3-methyl-5-pyrazolone; nucleus- 
substituted p-thionaphthols, a typical example of which is p- 
thionaphthol; and anilide acetoacetate derivatives, a typical 
example of which is anilide acetoacetate. 

Some concrete examples of the residual groups of these 
coupling components, in other words, B in General Formula I, 
include the following. 



(wherein indicates H, acetylamino, methoxycarbonylamino, or 

methoxysulf onylamino) , 





(wherein indicates H or halogen) , 
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[wherein (R^) 1-2 indicates 1 or 2 substituents and R^s 
independently indicate halogen, methyl, methoxy, H, or hydroxy], 

no 

"\ I (<} 
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[wherein (R')o-2 indicates 0 to 2 substituents R\ and R*s 
independently indicate halogen, sulfamoyl, or C1.14 alkyl], 

C-CH. 

"\ • • • ■ f h J 



[wherein (Cl)o-2 indicates 0 to 2 substituents CI], 




(wherein indicates phenyl, halogen, or Ci.i [legible] alkyl), and 




The metal (M) of a metallized dye represented by General 
Formula I indicates a metal that can form a complex* Some concrete 
examples include chromium, cobalt, iron, copper, nickel, zinc, 
aluminum, etc., which are selected from divalent or trivalent 
metals. Chromium, cobalt, and nickel are preferable among these- 
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The metallized dyes pertaining to the present invention are ■ 
formulated by dispersing or dissolving a monoazo coloring matter, 
which is obtained by a well known diazo-f orming/coupling reaction, 
in water and/or an organic solvent, preferably a water-soluble 
organic solvent, such as methanol, ethanol, ethylene glycol 
monoethyl ether, ethylene glycol, etc., in the presence of a 
desired metallizing agent, by adding a pH regulator, and by 
reacting them. 

If A in General Formula I is a hydrogen atom, the dye is 
obtained by diluting the reacted solution/dispersion with 
mineral-acid-containing water so as to cause the reaction product Z262 
to precipitate and by filtering it. 

If A is an amine or cationic surfactant, the dye is obtained 
by adding an amine or cationic surfactant to bring about a reaction 
and subsequently by filtering the precipitate. 

Some examples of the metallizing agent include chromium 
chloride, chromium formate, chromium acetate, cobalt sulfate, 
cobalt acetate, cobalt chloride, cobalt tartrate, nickel chloride, 
copper sulfate, etc., as well as other various kinds of metal 
chelating agents. 

Some examples of the amine here include butylamine, amylamine, 
hexylamine, octylamine, dodecylamine, cyclohexylamine, 2- 
ethylhexyl amine, butoxypropanolamine, hexyloxypropanolamine, 
benzylamine, ethylene oxide-added amine, etc. 
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The following explains the method for formulating metallized 
dyes represented by General Formula I by referring to some concrete 
reference examples. Of course, these examples do not restrict the 

present invention in any way. 

Reference Example 1 (Formulation of a monoazo coloring matter by a 
diazo-forming/coupling reaction) 

After an aqueous hydrochloride solution of one molecular 
weight 4-chloro-2-aminophenol was prepared and cooled, an aqueous 
solution that contained 1.0 to 1.2 molecular weight sodium nitrite 
was added drop by drop to the aforesaid solution kept at 5"^ C or 

below, thereby forming a diazo compound. 

The excess quantity of sodium nitrite was decomposed by an 
aqueous solution of sulfamic acid, thereby obtaining an aqueous 
solution of a diazonium salt of 4-chloro-2-aminophenol • 

Next, this diazonium-salt aqueous solution was added drop by 
drop into a sodium hydroxide aqueous solution in which one 
molecular weight p-naphthol had been dissolved beforehand. 

After the mixture was stirred at 5° C for several hours, a 
coupling reaction was carried out at 20° C to 60° C. 

After the reaction, the reaction product was filtered and 
washed and then dried, thereby obtaining 254 g of a reddish brown 
coloring matter ®. 

The structural formula of the coloring matter ® is 
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Rfiffirence Example 2 (Formulation of 1:2 metallized dye by the 
metallization of the coloring matter) 

Two molecular weights of the coloring matter obtained in 
Reference Example 1 were dissolved or dispersed in water that 
contained 20 % ethylene glycol monomethylether, and the pH was 
adjusted to 6 to 7 . 

Thereafter, in a separate flask, a 20 % ethylene glycol 
monomethyl ether aqueous solution that contained chromium chloride 
(quantity of chromium: 0.85 to 1.2 atomic equivalent) was prepared 
and poured into the aforesaid coloring matter solution, and the 
mixture was then adjusted to alkaline and reacted at 90"* C for 6 
hours . 

After it was confirmed that the coloring matter was entirely 
chromed, the pH was adjusted to 6, and filtration, washing with 
water, and drying were conducted, thereby obtaining a chromium 
complex dye ( 1 ) . 

The structural formula of the chromium complex dye (1) is 
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The following presents some examples of metallized dyes used 
in the present invention that have 4-chloro-2-aminophenol as the 
diazo component. 

Of course, the dyes used in the present invention are not 
limited to these. 




1:2 Chromium Complex 




1:2 Cobalt Complex 



17 



18 



72 68 




C i2 




1 : 2 Nickel Complex 



OH 





1:2 Chromium Complex 
(Dodecyl Amine Salt) 




C i 




1 : 2 Chromiuw Complex 
H H 





1:2 Cobalt Complex 



OH HO, ^COOK 





1 : 2 Chromium Complex 



(4) 



IS) 



(6) 



17) 




H HO. ,CONH 
N=»N 




1 : 2 Chromium Complex 
OH HO. ,CONH 





ca 



1 : 2 Chromium Complex 




CJ2 ca 

1 : 2 Chromium Complex 




CZ OCH» 

1 : 2 Chromium Complex 




^ ) 
N = N--C I 

CHd 



1 : 2 Chromium Complex 



{8) 



(9) 



(101 



(in 



(12) 
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HO 
.6-N 

I 



1:2 Cobalt Complex 
HO 



C5 



1:2 Chromium Complex 



C.N 

CHo 



1:2 Cobalt Complex 



HO j: a 



C=^Nf 

1 : 2 Chromium Complex 



(13) 



(14) 



115) 



IT 

On □ 



(17J 



1:2 Cobalt Complex 



SOoNHd 



(16) 



C5 



1 : 2 Chromium Complex 




KO 

^ I 



(\0) 



C5 



C = N 



1 : 2 Chromium Complex 



HO 



*N=iN— C 



CO-NH 



1 : 2 Chromium Complex 



20 



/269 



HO 



N = N— c tin 

1:2 Hickei Complex 



HO 



CO-NH- 



1 : 2 Chromium Complex 



-MwN— C 



"J 

C-CH. 



1:2 Cobalt Complex 



HO 

C-CH, 



N = N-^C (20 

1 : 2 Chromium Complex 



HO 

^C-CH, 



N=*N— C' 



(2SI 



1 : 2 Cobalt Complex 



HO 
C-CH, 



-N«N-C 



CO-NH 




1 : 2 Chromium Complex 
>H OK 

C'5 B r 

1 : 2 Chromium Complex 

OH 

1 : 2 Chromium Complex 
)H H< 



[26) 



1 : 2 Chromium Complex 



1 : 2 Chromium Complex 



(271 



(251 
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When 1:2 metallized dyes represented by General Formula I, 
some typical examples of which have been given in the foregoing, 
are melted and kneaded with thermoplastic resins employed in the 
method of the present invention, some examples of said resins 
including general purpose plastics, such as polystyrene, 
polyacrylate, etc.; general-purpose engineering plastics, such as 
polyamide, polyester, polyacetal, polycarbonate, polybutylene 
terephthalate, modified polyphenylene ether, etc.; and what are 
called super-engineering plastics, such as polysulfone, 
polyallylate, polyamide imide, polyimide, etc., they can color the 
resins in the range of colors from yellow to orange to red to 
purple to black. 

The hue/color mentioned here is the color seen when a dye is 
dissolved in a resin, and different metals (M) give different 
colors. When chromium is used as the metal, the deepest colors are 
obtained, and cobalt, nickel, etc., give lighter colors compared to 
chromium. 

The quantity of a dye used here is usually 0.01 to 1.0 part, 
preferably 0.05 to 0.5 part, by weight per 100 parts by weight of a 
thermoplastic resin. 

According to the application and purpose of the resulting 
molded product, the dyes may be mixed with colorants, such as 
inorganic pigments, organic pigments, etc., to adjust the colors. 
[Effects of the Invention] 
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According to the coloring methods of the present invention, 
compared to the conventional coloring methods that use 1:2 
metallized dyes, colored products of thermoplastic resins with 
excellent heat resistance and light resistance and also with sharp 
colors can be obtained. 

Because the 1:2 metallized dyes used in the coloring method of 
the present invention have excellent solubility in resins, unlike 
pigments used heretofore, they give excellent transparency to the 
resulting colored products, and they also have strong tinting 
power; therefore, they can yield the same level of color intensity 
with a small quantity— for example, 1/2 to l/10~of the quantity 
that pigments require. Therefore, according to the coloring method 
of the present invention, it becomes possible to easily avoid the 
deterioration of physical properties in molded products, which 
often occurs when plastics are colored. As a result, master batches 
with intense colors can be prepared easily, and adverse effects on 
such physical properties as tensile strength, elongation, etc., can 
be easily avoided in the process of drawing and forming colored 
products — for example, polyamide — into threads, films, etc. The 
resulting colored products also have excellent migration 
resistance . 

As seen in the foregoing, according to the coloring method 12. 
of the present invention, a wide range of conditions can be used 
when forming the colored thermoplastic resins by various kinds of 



forming methods, such as injection molding, extrusion molding, 
etc., and when applying it to automotive components, OA equipment, 
artificial hair, brushes, etc.; thus, the present invention is 
highly useful for industrial applications. 
[Working Examples] 

The following explains the present invention in further 
detail, referring to working examples. However, it goes without 
saying that the present invention is not restricted in any way by 
the following working examples as long as it is within the scope of 
the present invention. 
Working Example 1 

In a stainless steel tumbler were placed 1000 parts by weight 
of a polyamide resin (product name; Amilan CM-1017, a product of 
Torey) and 1 part by weight of Dye Example 1 (in the following, 

arts by weight is abbreviated as arts and mixed thoroughly for 
one hour. 

This mixture was melted and mixed at 260° C with a vent-type 
extruder (product name: E30SV, a product of Enpura Sangyo Co,), and 
colored pellets were produced according to a conventional method. 

Next, after these pellets were dried at 80° C for 3 hours, a 
test plate was prepared by an injection-molding machine (product 
name: K25-C, a product of Kawaguchi Ironwork Co.) according to a 
conventional method (240° C) , and a black formed plate was 
obtained. 
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Working Example 2 

Using 500 parts of polybutylene terephthalate (product name: 
PBT-1401, a product of Torey) and 1 part of Dye Example 1, a 
purplish black formed plate was obtained according to the same 
process as in Working Example 1, 
Working Example 3 

Using 500 parts of polystyrene resin (product name: Diarex-R 
42108 1, a product of Mitsubishi Monsanto) and 2 part of Dye 
Example 1, a transparent purplish black formed plate was obtained 
according to the same process as in Working Example 1- 
Working Example 4 

Using 1000 parts of polyamide resin (product name: Leona 
1300S, a product of Asahi Chemical Industry) and 0-5 part of Dye 
Example 12, a red formed plate was obtained according to the same 
process as in Working Example 1. 
Working Example 5 

Using 1000 parts of polyamide resin (product name: Amilan CM- 
3001, a product of Torey) and 1 part of Dye Example 2, a purple 
formed plate was obtained according to the same process as in 
Working Example 1, 
Working Example 6 

Using 1000 parts of polyamide resin (product name: Amilan CM- 
1017, a product of Torey) and 1 part of Dye Example 3, a reddish 
purple formed plate was obtained according to the same process as 
in Working Example 1. 
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Working Example 7 

Using 1000 parts of polyamide resin (product name: Amilan CM- 
1017, a product of Torey) and 1 part of Dye Example 4 (Ci2-amine 
salt), a purplish black formed plate was obtained according to the 
same process as in Working Example 1, 
Working Example 8 

Using 1000 parts of polyamide resin (product name: Amilan CM- 
1017, a product of Torey) and 1 part of Dye Example 27, a brown 
formed plate was obtained according to the same process as in 
Working Example 1. 
Working Example 9 

Using 1000 parts of polyamide resin (product name: Amilan CM- 
3001, a product of Torey) and 1 part of Dye Example 10, a black 
formed plate was obtained according to the same process as in 
Working Example 1. 



Working Example 10 

Using 1000 parts of polyamide resin (product name: Amilan CM- 
1017, a product of Torey) and 1 part of Dye Example 9, a reddish 
black formed plate was obtained according to the same process as in 
Working Example 1 . 
Working Example 11 

Using 500 parts of polybutylene terephthalate (product name: 
PBT-1401, a product of Torey) and 1 part of Dye Example 16, a red 
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formed plate was obtained according to the same process as in 
working example 1. 
Working Example 12 

Using 1000 parts of polyamide resin (product name: Amilan CM- 
1017, a product of Torey) and 1 part of Dye Example 20, an orange 
formed plate was obtained* according to the same process as in 
Working Example 1. 
Working Example 13 

Using 500 parts of polystyrene resin (product name: Diarex-R 
42108 1, a product of Mitsubishi Monsanto) and 2 part of Dye 
Example 24, a transparent orange formed plate was obtained 1221. 
according to the same process as in Working Example 1. 

The following presents some comparative examples in which were 
used comparative dyes, that is, the same 1:2 metallized dyes used 
in the present invention, except that the diazo component was 
replaced with something different. 
Comparative Example 1 

A bluish black formed plate was obtained in the same manner as 
in Working Example 1, except that Comparative Dye (a) was used. 
Comparative Example 2 

A bluish purple formed plate was obtained in the same manner 
as in Working Example 2, except that Comparative Dye (b) was used. 
Comparative Example 3 



27 



A translucent brown formed plate was obtained in the same 
manner as in Working Example 3, except that Comparative Dye (c) wa 
used . 

r.nmnarat i VP Example 4 

A formed plate was obtained in the same manner as in Working 
Example 4, except that Comparative Dye (d) was used. The color was 
light brown, but the plate was colored poorly and could not be 
called a satisfactory colored product. 
Comparative Example 5 

An orange formed plate was obtained in the same manner as in 
Working Example 12, except that Comparative Dye (e) was used. 
Comparative Example 6 

A red formed plate was obtained in the same manner as in 
Working Example 11, except that Comparative Dye (f) was used. 

The comparative dyes used in the aforesaid comparative 
examples are shown below. 
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1 : 2 Chromium Complex 




1:2 Chromium Complex 
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1 : 2 Chromium Complex 

COOH ^i-CH* 
^ CO-NH 



1 : 2 Chromium Complex 
HO C& 
COOH ^i-N-O 

^ C=N 
I 

CH, 



1 : 2 Chromium Complex 



The aforesaid working examples and comparative examples were 
examined for heat resistance, light resistance, migration 
resistance, and color sharpness according to the following methods, 
and the results are shown in Table 1. 
Heat Resistance 

The injection molding condition was set to 300° C, and the 
test subject was kept at this temperature for 3 minutes, after 
which a test plate was prepared in the same manner as in the 
aforesaid working examples. The degree of fading/discoloration of 
the test plate was assessed by means of the gray scale (JIS L0804) 
against a plate prepared under normal conditions. 
Light Resistance 

A test sample was subjected to a fade meter (carbon arc type) 
for 40 hours and assessed by means of the blue scale (JIS L0841) 
against the normal condition. 
Migration Resistance 

A test plate was sandwiched between two colorless formed 

plates with a load of 200 g/cm^ and kept at 120° C for 24 hours, and 
the degree of soiling of the colorless formed plates was assessed 
by means of the gray scale (JIS L0805) , 
Color Sharpness 

It was visually evaluated. O indicates excellent; O, good; 
A, somewhat poor; and X, poor. 

TABLE 1 Z272 
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No . 


Dye Ex. 


Heat 
Resistance 
(level) 


Light 
Resistance 
(level) 


Migration 
Resistance 
(level) 


Resin 


Color 


Color 








Working Example 




1 


1 


5 


8 


5 


PA 


black 


® 


2 


1 


5 


7 


5 


PBT 


purplish 
black 


® 


3 


1 


5 


7 


5 


PS 


purplish 
black 


® 


4 


12 


5 


7 


5 


PA 


red 


® 


5 


2 


4-5 


7 


5 


PA 


purple 


® 


6 


3 


4-5 


6 


5 


PA 


reddish 
purple 


O 


7 


4 


4 


5 


4-5 


PA 


purplish 
black 


U 


8 


27 


4-5 


5 


5 


PA 


brown 


u 


9 


10 


4-5 


5 


5 


PA 


black 


® 


10 


9 


4-5 


5 


5 


PA 


reddish 
black 


O 


11 


16 


5 


5 


5 


PBT 


red 


® 


12 


20 


4-5 


5 


5 


PA 


orange 


® 


13 


24 


4 


5 


5 


PS 


orange 


© 








Comp 


. Example 








1 


a 


3 


3 


5 


PA 


bluish 
black 


O 


2 


b 


3 


4 


5 


PBT 


bluish 
purple 


O 


3 


c 


4 


4 


5 


PS 


brown 


A 


4 


d 


1 




5 


PA 


light 
brown 




5 


e 


2-3' 


5 


5 


PA 


ornage 


O 


6 


f 


4-5 


5 


5 


PBT 


red 


o 
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In Table 1, PA indicates polyamide; PBT, polybutylene 
terephthalate; and PS, polystyrene. Comparative Example 4 showed 
extreme fading from heat, and its light resistance could not be 
determined. 
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